The infrared emission spectra of NaCl and KCl have been recorded at high resolution with a Fourier transform spectrometer. A total of 929 lines belonging to 8 vibrational bands, 1-0 to 8-7, for Na 35 Cl, 252 lines of 1-0, 2-1, and 3-2 bands of Na 37 Cl, and 355 lines of 1-0, 2-1, 3-2, and 4-3 bands of K 35 Cl have been measured and combined with the existing microwave and millimeter-wave data to obtain a set of refined molecular constants. The data for Na 35 Cl and Na 37 Cl have also been fitted to determine the Dunham Y ij constants and mass-reduced Dunham constants U ij . In one fit all U ij 's were treated as adjustable parameters while in a second fit only U i 0 's and U i 1 's were allowed to vary freely with the remaining U ij constants determined by the constraints imposed by the Dunham model. In addition, the internuclear potential energy parameters were determined by fitting the entire NaCl data set to the eigenvalues of the Schrödinger equation containing a parameterized potential energy function. ᭧ 1997 Academic Press
INTRODUCTION
fit using the Dunham equations. In a separate study, Uehara et al. (13) investigated the infrared emission spectra of KCl at a resolution of 0.1 cm 01 and provided a set of Dunham Diatomic alkali halides are high temperature species of coefficients for the ground electronic state. fundamental importance. Their low vapor pressures and Some matrix isolation studies of NaCl and KCl are also highly ionic nature present challenges for gas phase experiavailable. Martin and Schaber (8) observed the infrared mental studies (1) . There are many studies of NaCl (2) (3) (4) (5) (6) (7) (8) (9) spectra of NaCl while Ismail et al. (14) observed both NaCl and KCl (2) (3) (4) (10) (11) (12) (13) (14) in the near-ultraviolet and microand KCl in a solid argon matrix. wave regions. NaCl (2, 3) and KCl (10) (11) (12) have a long
Extensive microwave data for NaCl and KCl have been series of unresolved bands in the near ultraviolet which have published (5, 9) . In the initial work of Honig et al. (5) , been called ''fluctuation bands'' (15) . These bands arise several alkali halide molecules were investigated and they from transitions between individual vibrational levels of one reported rotational constants and electric dipole moments. electronic state and a rather flat portion of the potential curve
In another study, Clouser and Gordy (9) measured the milliof the other state. The ground state of these molecules are meter-wave molecular beam absorption spectra of NaCl, relatively well characterized experimentally by infrared and KCl, and several other alkali chlorides. In this work they microwave studies. measured a number of pure rotational transitions in several The NaCl and KCl molecules are important species in the vibrational levels of the ground state and reported improved combustion of coal. Coal contains substantial amounts of values for B e , a e and g e for most of the molecules studied. inorganic material that are responsible for slagging and foulThey also provided indirect estimates for the vibrational coning of coal-fired power plants. NaCl and KCl can, in princistants. ple, be monitored by the absorption or emission using the The alkali halides have dissociative UV absorption specvibration-rotation bands.
tra. Silver et al. (16) measured the absolute UV dissociation The low resolution infrared spectra of NaCl and KCl were cross sections for gas phase NaCl and Novick et al. (17) first observed in absorption by Rice and Klemperer (4) , measured the photodetachment spectra of the alkali halide who determined the ground state vibrational constants v e negative ions NaCl 0 , NaBr 0 , and NaI 0 . and v e x e from band head positions in conjunction with the The ionic nature of the alkali halide ground states has led ground state B values, previously reported by Honig et al. to the development of simple potential energy functions such (5) in a microwave study. The high-resolution infrared vias the Rittner model (18) (19) (20) . There are a number of theobration-rotation spectra of Na 35 Cl and Na 37 Cl have been retical calculations of electronic structure and other properstudied by Horiai et al. (6) Some of the alkali halides are also of astrophysical importance. Recently the presence of NaCl and KCl, along with AlCl and AlF, has been established in the carbon star IRC particularly important since high-quality spectroscopic parameters are necessary for infrared searches for these mole-/ 10216 by millimeter-wave astronomers (36) . Normally metals are depleted onto grains in the interstellar medium cules.
In this paper we report on the observation of vibrationbut this discovery indicates that metal-containing molecules are more abundant in cool circumstellar envelopes. Unfortu-rotation bands of Na 35 Cl, Na 37 Cl, and K 35 Cl. Eight bands, 1-0, 2-1, 3-2, 4-3, 5-4, 6-5, 7-6, and 8-7, for Na 35 Cl, nately, the infrared spectra of many of the metal halide diatomic molecules have not been investigated at high resolu-three bands, 1-0, 2-1, and 3-2, for Na 37 Cl, and four bands, 1-0, 2-1, 3-2, and 4-3, for K 35 Cl have been observed at tion and their vibrational constants are not precisely known. The high-resolution studies of these molecules are, therefore, a resolution of 0.01 cm 01 . Analysis of the data has provided improved molecular constants and the Dunham coefficients Y ij for these species. The Na 35 Cl and Na 37 Cl data sets have also been fitted together to obtain mass-reduced Dunham constants U ij and the constants of a parameterized potential energy function.
EXPERIMENTAL
The high-resolution emission spectra of Na 35 Cl, Na 37 Cl, and K 35 Cl were recorded with a Bruker IFS 120HR Fourier transform spectrometer at the University of Waterloo. The molecules were vaporized in an alumina tube furnace by heating NaCl or KCl gradually until the operating temperature of 1000ЊC was achieved. A 3.5 mm mylar beam splitter and a Si:B detector (NaCl) or a 4 K bolometer (KCl) were used to record the spectra. The cell was pressurized with about 5 Torr of argon to avoid the deposition of the solid material on the KRS-5 windows. The resolution was 0.01 cm 01 for both molecules. The final interferograms for NaCl The spectra were measured using the PC-DECOMP, a uncertainty in the measurements of Na 37 Cl lines is expected to be somewhat worse because of the weaker intensity and program developed by J. Brault at the National Solar Observatory. This program determines the position of individual overlapping from the major isotopomer. The lines of KCl are much weaker in intensity than NaCl, and K 37 Cl lines lines by fitting a Voigt lineshape function to each line. The spectra were calibrated using the measurements of H 2 O lines could not be identified in our spectra. The K 35 Cl lines are expected to be accurate to, at best, {0.005 cm 01 . (37) which were also present in our spectra as an impurity. Cl isotopomer is about 33% of the intensify of Na 35 Cl as expected. The rotational lines only in the 1-0, 2-1, and 3-2 bands of Na 37 Cl were identified and incorporated in the fit. A part of the high-resolution spectrum of the 1-0 band of NaCl near the R head is provided in Fig.  1 where some R lines of Na 35 Cl have been marked. The rotational lines belonging to the 1-0, 2-1, 3-2, and 4-3 bands of K 35 Cl were identified in our high-resolution spectra although band heads up to 12-11 can be clearly seen. A part of the compressed spectrum of KCl showing the band heads is presented in Fig. 2 and a list of observed band heads is provided in Table 1 . For technical reasons (the use of a bolometer) the KCl data are relatively poor compared to NaCl and a much less extensive analysis was carried out.
As expected for a 1 S / -1 S / transition, each band consists of one R and one P branch. The wavenumbers of the observed transitions of NaCl and KCl are provided in Tables  2 and 3 respectively. The wavenumbers of NaCl and KCl were fit to the customary energy level expression:
RESULTS AND DISCUSSION
The vibration-rotation bands of NaCl and KCl are located in the 340-390 and 240-300 cm 01 regions, respectively. In the final least-squares fit, approximate weights for the individual rotational lines were chosen on the basis of signalThe bands form R heads and the rotational structure of bands with high £ values is heavily overlapped. Our Loomis-Wood to-noise ratio as well as freedom from blending. We have also included the previous microwave measurements of program was very helpful in identifying the connecting R and P lines in each band, particularly in the severely overlapped Honig et al. (5) and Clouser and Gordy (7), with appropriate weights in our final fit. The spectroscopic constants regions. For KCl essentially all of the lines are blended.
The observed spectrum of NaCl consists of eight vibra-for the X 1 S / state of NaCl and KCl obtained from the fit of the combined infrared and microwave data are provided tion-rotation bands, 1-0 to 8-7, of Na 35 Cl spread from 
The Dunham constants (Y ij ) for the X 1 S / state of NaCl and KCl obtained from these fits are provided in Tables 6 and  7 , respectively.
In another fit the combined Na 35 Cl and Na 37 Cl data sets were fit to the following expression to determine a set of mass-reduced Dunham U ij coefficients and Born-Oppenheimer breakdown constants D ij (39, 40): U i 0 's and U i 1 's. In the second fit, therefore, U i 0 's and U i 1 's Two fits of the combined NaCl data were obtained. In the were treated as adjustable parameters with the remaining first fit all U ij parameters were allowed to vary. The constants U ij 's fixed to the values satisfying these constraints. The obtained from this fit are reported in Table 8 under the constants obtained from this fit are also reported in Table 8 
where
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Internuclear Potential Energy Parameters (in cm 01 ) for the X 1 S / State of NaCl and z Å (R 0 R e )/(R / R e ). [7] We call this approach to data reduction the parameterized potential model and the method is described in more detail in several previous publications ( 45, 46 ) . This fit provides a set of b i parameters which describe ( Eq. [ 4 ] ) the internuclear potential function ( 45, 46 ) . These parameters for NaCl are provided in Table 9 . Only statistically determined parameters are listed in this Tables 5 and 7 are much more precise than previous values of Uehara et al. ( 13 ) ( 13 ) .
CONCLUSION
The infrared emission spectra of NaCl and KCl have been observed using a Fourier transform spectrometer. The vibration-rotation spectra of a number of bands of Na 35 Cl, Na 37 Cl, and K
35
Cl have been measured and the line positions fitted to extract molecular constants for individual vibrational levels and Dunham coefficients. The lines of Na 35 Cl and Na
37
Cl were combined in another fit to determine the mass-reduced Dunham parameters U ij . A second set of massreduced constants was also obtained using the same data set but with only the U i 0 's and U i 1 's treated as variables and the rest of the U ij 's were fixed by constraints imposed by the Dunham model. The lines of NaCl have also been fit
